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(57) ABSTRACT

The invention relates to a method for using a target for a
coating process of metal oxide and/or metal nitride coatings
by means of spark evaporation, wherein the target can be
operated at a temperature that is higher than the melting point
of the metal used in the target, and wherein the target is
comprised of a metal whose oxides and/or nitrides are not
electrically conducting. The invention further relates to the
use of a target for producing metal oxide coatings and/or
metal nitride coatings by means of spark evaporation,
wherein the target has a matrix comprised of a metal, in which
matrix non electrically conducting oxides and/or nitrides of
the metal are embedded.

3 Claims, 1 Drawing Sheet




US 8,828,499 B2

Page 2
(56) References Cited OTHER PUBLICATIONS
U.S. PATENT DOCUMENTS Robert H. Perry and Don W. Green. Perry’s Chemical Engineer’s
Handbook. 7% edition (1997). 2-7.*
4,828,008 A * 5/1989 Whiteetal. ................. 164/66.1 International Search Report for PCT/EP2009/005803 dated Dec. 7,
5,518,597 A 5/1996 Storer et al. 2009.
6,033,734 A * 3/2000 Muenzetal. ................ 427/309

2002/0139662 Al* 10/2002 Lee ...ccovvvvvvvninnnns 204/192.38 * cited by examiner



U.S. Patent Sep. 9, 2014 US 8,828,499 B2

Figure 2




US 8,828,499 B2

1

USE OF A TARGET FOR SPARK
EVAPORATION, AND METHOD FOR
PRODUCING A TARGET SUITABLE FOR
SAID USE

The invention relates to the use of a target in a coating
installation for coating metal oxide and/or metal nitride coat-
ings by means of spark evaporation and a method for produc-
ing metal oxide coatings by means of spark evaporation. In
particular, the invention relates to the use of targets that com-
prise at least one metallic component and one ceramic com-
ponent. The invention is particularly relevant for targets that
have aluminum as the low-melting metallic component.

Cathodic arc vaporization is a method established for years
that finds application in the coating of tools and components
and with which a wide range of metallic layers as well as
metal nitrides, metal carbides and metal carbon nitrides are
deposited. For all these applications, the targets are the cath-
ode of a spark discharge, operated at low tensions and high
currents and with which the target (cathode) material is vapor-
ized. Direct-current voltage supply is used as the easiest and
most economical power supply for operating the spark dis-
charges.

More problematic is the production of metal oxides by
means of spark evaporation. It is difficult to operate a direct-
current spark discharge in oxygen or in an atmosphere con-
taining oxygen, in order to deposit oxidic layers for example
on tools or components. In this case, there is a risk that,
because the target becomes coated with an insulating layer,
the process can barely be controlled anymore.

This leads, on the target, to the electrically conductive zone
onto which the spark runs constricting itself and finally to an
interruption of the spark discharge.

The production of oxidic layers is described in U.S. Pat.
No. 5,518,597, wherein alayer deposition occurs at increased
temperatures and wherein the method is based on the fact that
the anode is also heated (800° C.-1200° C.) and the reactive
gas is not introduced directly at the target. The high anode
temperature keeps the anode conductive and enables a stable
operation of the spark discharge.

As for the anode, using the cathode at increased tempera-
ture should at least achieve a reduction of the problem of
target contamination. It is therefore desirable to be able to use
in a coating installation a target at a high temperature and in
fact preferably at temperatures that lie above the melting
point of the metal used in the target.

This can be achieved by using a target that has an increased
melting point of the target material, which leads to an
increased evaporation enthalpy for the target material. In the
state of the art, a technique is known in the production of
nitride coatings in which the used target contains both metal-
lic Ti as well as electrically conducting TiN, which results in
an increased target melting point. TiN, which is released
during evaporation, can be integrated directly into the layer.
As TiN is a conducting material, the spark can move about
unhindered on the target surface and, because of the target
material’s increased evaporation enthalpy, the difference of
the evaporation enthalpy of the target material and of the
“contaminated” target surface is minimized.

It is known also in the production of TiAIN coatings to use
an alloy target of titanium and aluminum, to which electri-
cally conducting material of TiN is added in order to raise the
melting point. Should the layer also include chromium com-
ponents, it is possible to use a target to which conducting CrN
is also added. According to the state of the art, the material
added to the metallic target must fulfill two conditions: on the
one hand, the material must conduct electric current and, on
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the other hand, the material must be a component of the layer
to be formed. The nitrides of the metals in the groups IVa, Va,
Vla of the periodic system are electrically conducting, whilst
those of the other metals are not. This naturally limits con-
siderably the choice of the materials that can be used for this
technique. A yet further increase of the melting temperature
than is possible with the mentioned materials will therefore
prove difficult. Even more serious is the fact that, if the
coating to be formed only contains insulating layers, it is not
possible to work with raising the melting point according to
the state of the art.

In the end, this means that the possibility, described above,
of increasing the melting point for Al-targets was not avail-
able to date, since both aluminum nitride as well as aluminum
oxide are not electrically conducting. The production of non-
conducting coatings (e.g. oxide) that comprised only alumi-
num as metallic component therefore still continues to be
difficult.

It is therefore a task of the present invention to propose a
method according to which a non-conducting layer with a
metallic component can be deposited on a substrate by means
of spark evaporation.

According to the invention, a target is used having a matrix
comprised of a metal whose nitride and/or oxide is electri-
cally not conducting though the target has a melting point that
is raised as compared with the state of the art.

According to the invention, a target is used wherein a
non-conducting oxide and/or nitride of the target’s metal is
integrated in the matrix of the target’s metal.

In this respect, non-conducting material is added to the
target in such a manner that the surface of the target, as seen
macroscopically, is still electrically conducting. This is
achieved in that the non-conducting portion is integrated in a
matrix of the conducting base material. The conducting
matrix lies at the surface in a cohesive network that, if used
according to the invention, allows the spark to move about
across the target.

According to a preferred embodiment, a target is used
wherein non-conducting aluminum oxide particles are inte-
grated in the target’s aluminum matrix.

According to a further preferred embodiment, the alumi-
num oxide particles have a diameter that is smaller than 100
um, in particular smaller than 50 pm. The non-conducting
components are in particular introduced into the target as such
small particles that, as seen macroscopically, the target’s
melting point and the necessary evaporation enthalpy are
increased. Furthermore, it should be ensured that the melting
range of the spark is limited with a lower melting temperature
(e.g. aluminum). This will lead to a reduction of the droplet
emission.

Preferably, a target is used that has a percentage of alumi-
num oxide in the aluminum matrix of less than 70 vol.%.

According to yet a further preferred embodiment, the target
used is a powder-metallurgical target.

Alternatively, a target consisting of aluminum oxide pow-
der comprised in aluminum can be used.

According to a further alternative embodiment, a target is
used that is produced by means of a holographic structuring
method, wherein an aluminum oxide layer is structured in
such a way and the grooves forming between the aluminum
oxide are filled with aluminum.

It is furthermore preferred if the target used has an alumi-
num matrix in which non-conducting aluminum nitride par-
ticles are integrated.

In the target used, aluminum nitride grains are preferably
present essentially in a first grain diameter and aluminum
grains essentially in a second grain diameter, where the first
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grain diameter is greater than the second grain diameter, in
particular three times the size of the second grain diameter.

According to yet a further preferred embodiment, the first
grain diameter is approximately 120 um and the second grain
diameter is approximately 40 um.

According to the invention, a target is also provided that
can be used for the production of metal oxide coatings and/or
metal nitride coatings by means of spark evaporation, where
the target has a matrix comprised of a metal in which non
electrically conducting oxides and/or nitrides of the metal are
embedded.

Preferably, the percentage of the non electrically conduct-
ing oxides and/or nitrides in the matrix is less than 70 vol.%.

According to another preferred embodiment, the matrix
consists of aluminum in which aluminum oxide or aluminum
nitride is embedded.

Hereinafter, the invention will be described in detail on the
basis of an example of embodiment with reference to the
drawing.

FIG. 1 shows diagrammatically the surface of a target to be
used according to the invention with nitrated aluminum
grains of approx. 120 um, embedded in an aluminum envi-
ronment consisting of aluminum grains smaller by a factor of
3 as “seen” by the spark during spark evaporation;

FIG. 2 shows an extract of a target produced according to
the invention by means of holographic technology, with a
regular arrangement of aluminum oxide islands (shaded),
embedded in an aluminum cross-lattice (colored in grey);

An embodiment of the invention will now be described by
way of example on the basis of an aluminum target. Alumi-
num is a material that has a low melting point. When alumi-
num oxide is to be produced by means of spark evaporation,
target contamination represents a serious problem in the case
of an aluminum target in the evaporation conditions that are
typically used. The method of increasing the melting point
according to the state of the art is, as previously mentioned,
not applicable since aluminum oxide forms a very good insu-
lator.

In the inventive method, the target’s aluminum oxide par-
ticles have a size of approximately 50 um, or preferably even
a diameter of maximum 50 pm, or they should essentially not
exceed this diameter in order to be adapted to the typical size
of a spark diameter. Because of the higher melting point, the
aluminum oxide is not released and the aluminum particles
are embedded in the cohesive aluminum matrix. Therefore,
the target’s melting point, in particular in coating applica-
tions, rises as the proportion of aluminum oxide increases by
comparison to the aluminum. Admittedly, it became apparent
thata concentration of aluminum that is too low will cause the
conductivity of the target surface to be too low to allow a
stable spark evaporation to occur. Therefore, in the embodi-
ment, a target with a percentage of aluminum oxide lower
than 70 vol.% is used.

To produce the target, different methods can be used.
According to a first embodiment, the target can be produced
by means of a known powder-metallurgical method. In this
case, aluminum is ground to a fine powder and aluminum
oxide is ground to a fine powder.

According to the inventive method for producing a target,
described now in connection with FIG. 2, aholographic struc-
turing method is used, where an aluminum oxide layer is
structured in the form of a regular lattice. The grooves that
thus form are then filled out with aluminum. The aluminum
oxide is preferably structured in two directions X, y, so that
regular aluminum oxide island are formed and the aluminum
itself as cross lattice allows electrical conductivity in both
directions X, y.
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Such surface structures can be achieved extensively with a
lattice period of some 10 nm to some 10 um. A lattice period
ot 500 nm to 20 um is preferably used, in particular a lattice
period of 2 um is preferably used.

The method described above in connection with an alumi-
num matrix and aluminum oxide embedded therein can be
used on every electrical insulator as long as the latter is
embedded in a conducting matrix. The term matrix in this
connection is to be interpreted in the widest sense, since the
matrix should merely ensure that it can discharge electrical
charges, so that the spark fleck can always move about unhin-
dered on a conducting surface.

If a layer is to be formed with AIN components, it is
possible for AIN to be embedded in a metallic matrix in the
same way and manner as described above. It is furthermore
possible to combine the described inventive measure for rais-
ing the melting point with the measure known in the state of
the art. For example, in order to produce a TiAIN layer by
means of spark evaporation, a target can be used in which
metallic Ti, metallic Al, the conducting combination TiN and
the insulator AIN are integrated as components.

This description should however illustrate a further aspect
of'the present invention. The one skilled in the art knows that
the enrichment of metallic aluminum grains with oxygen
causes problems because of the oxide skin which functions as
a diffusion barrier.

It is a well-known fact that in the case of aluminum nitride,
nitrogen can diffuse several 100 nm in aluminum, i.e. there is
sufficient permeability for AIN after formation on the surface
so that further nitrogen can diffuse in deeper regions of the
aluminum. As is generally known, this is not possible in the
case of aluminum oxide: a first, topmost and often merely a
few nanometer thick layer of aluminum oxide will already
build a strong diffusion barrier for further oxygen so that a
further, more in depth oxidation does not occur. This fact,
which contributes to the aluminum level being optically
stable, has in the present case the negative consequence that
not enough aluminum oxide is generated.

According to one embodiment, in order to avoid the prob-
lem described above in the coating process when producing
coatings containing aluminum that are preferably of oxidic
nature, a target is used that comprises particles containing
nitride and aluminum embedded and finely distributed in an
aluminum matrix. These particles serve to raise the target’s
melting point that is necessary for reducing the uncontrolled
local fusion bonding of metallic, low-melting aluminum that
leads to the emission of macro-particles. If oxygen as process
gas is then added during the spark evaporation process, it has
surprisingly been observed that nitrogen-free aluminum
oxide coatings are essentially formed. The AIN possibly dis-
sociates and Al joins with the available oxygen.

According to the inventive coating process, the target’s
necessary evaporation enthalpy is higher than that of the pure
metal, yet narrowly below that of the composite material.

In the frame of the present invention it has been shown that
targets of metal can be used for spark evaporation whose
nitrides and/or oxides are not electrically conducting, where
these nitrides and/or oxides are integrated in the form of fine,
non-conducting particles in a matrix 4 of the metal, and that it
is possible to use a target having this composite material and
with an increased melting point for spark evaporation,
wherein the problem of spark constriction or instability can
be considerably alleviated if not completely avoided.

What is claimed is:

1. A method of holographically structuring a target suitable
for use in a spark evaporation coating process for producing
metal oxide coatings, the method comprising:
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forming a matrix of aluminum with non-conducting alu-
minum oxide particles being embedded therein, the
embedded particles having a diameter that is less than
100 pm and being configured to raise a melting point of
the matrix above a melting point of the aluminum, the
forming of the matrix comprising:
structuring a lattice of the particles, the structuring of the
lattice comprising forming lattice grooves; and

forming a conducting surface of the target, the conducting
surface being configured to enable unhindered move-
ment of the spark about the target, the forming of the
conducting surface comprising filling the lattice grooves
with the aluminum.

2. A method of holographically structuring a target suitable
for use in a spark evaporation coating process for producing
metal nitride coatings, the method comprising:

forming a matrix of aluminum particles with non-conduct-

ing aluminum nitride particles being embedded therein,
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the embedded particles being configured to raise a melt-

ing point of the matrix above a melting point of the

aluminum particles, the forming of the matrix compris-

ing:

structuring a lattice of the aluminum nitride particles, the
structuring of the lattice comprising forming lattice
grooves; and

forming a conducting surface of the target, the conduct-
ing surface being configured to enable unhindered
movement of the spark about the target, the forming of
the conducting surface comprising filling the lattice
grooves with the aluminum particles.

3. The method of claim 2, wherein the embedded particles
have diameters that are about 120 um and the aluminum
particles have diameters that are about 40 um.
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